INTRODUCTION I d e n t i f i c a t i o n of t h e as-quenched phases was made by
To d a t e a l a r g e number of amorphous a l l o y s have been produced by t h e m e l t quenching technique.
Broadly speaking, t h e s e a l l o y s can be c l a s s i f i e d i n t o two c a t e g o r i e s . One i s t h e metal-metalloid type c o n s i s t i n g of a t r a n s i t i o n metal and a metall o i d element such a s P, S i , C o r B. The o t h e r is
t h e e a r l y t r a n s i t i o n metal(e.g., T i , Zr e t c . ) a l l o yed w i t h a l a t e t r a n s i t i o n m e t a l ( e . g . , Co, N i , Cu e t c . ) .
Most amorphous a l l o y s belong t o t h e former type and they always c o n t a i n about 15-30 a t . % metall o i d elements. On t h e o t h e r hand, t h e amorphous a ll o y s belonging t o t h e l a t t e r t y p e u s u a l l y c o n t a i n s o l u t e m e t a l s more than about 30 a t . % a s exemplified
f o r Cu-Ti, Cu-Zr and Ni-Nb.
Recently, we have found t h a t a n amorphous s i ng l e phase i s formed i n a wide composition range of (Fe, Co, Hi)-IV o r V group t r a n s i t i o n metal-B ternar y a l l o y s c o n t a i n i n g l e s s than 1 0 at.%B. F u r t h e r , t h e s e amorphous a l l o y s c o n t a i n l e s s t h a n about 20 a t . % of t h e IV o r V group t r a n s i t i o n m e t a l s and t h u s a r e i n t e r e s t i n g m a t e r i a l s from i n d u s t r i a l p o i n t of view because of high c o n c e n t r a t i o n of ferromagnetic elements such a s Fe, Co and N i . The aim of t h i s paper i s t o p r e s e n t t h e composition range of Fe, Co o r Ni-IV o r V group t r a n s i t i o n metal-B t e r n a r y amorphous phase and t h e composition dependence of mec h a n i c a l p r o p e r t i e s of t h e s e amorphous a l l o y s .
EXPERIMENTAL
Alloys used i n t h e p r e s e n t wprk q r e of , t h e Fe,
Co o r N i -I V o r V group t r a n s i t i o n metal-B t e r n a r y systems such a s (Fe, Co, Ni)-(Ti, Z r , Hf, V. Nb, Ta,
Mixtures of p u r e m e t a l s and boron were melted i n argon atmosphere i n an a r c -o r a n i n d u c t i o n f u r n a c e . Continuous r i b b o n specimens of 1 mm width and 0.02 mm t h i c k n e s s were prepared by melt spinning. T y p i c a l l y , t h e amount of a l l o y s melted i n one r u n was about 2 g and t h e r o t a t i o n speed of t h e s t e e l r o l l e r ( 2 0 cm i n diameter) was about 6000 rpm. conventional X-ray d i f f r a c t i o n and t r a n s m i s s i o n el e c t r o n microscopy techniques. Hardness was measured by a Vickers microhardness t e s t e r w i t h a 100 g l o a d . Each hardness v a l u e was t h e average of seven t o t e n i n d e n t a t i o n s . C r y s t a l l i z a t i o n temperature was examined by a d i f f e r e n t i a l thermal analyzer(DTA1 a t a h e a t i n g r a t e o f 8.33 x K / s . D u c t i l i t y was e v a l u a t e d by measuring t h e r a d i u s of c u r v a t u r e a t f r a c t u r e i n a simple bend t e s t / I / . The deformed s t r u c t u r e and t h e f r a c t u r e s u r f a c e were observed by a scanning e l e c t r o n microscope.
RESULTS

Formation range of t h e amorphous phase
The completely amorphous phase i s o b t a i n e d i n wide composition r a n g e s of Ni-Ta-B systems i n which t h r e e elements a r e essent i a l f o r t h e formation of amorphous phase. On t h e o t h e r hand, t h e formation r a n g e s of t h e o t h e r amorphous a l l o y s a r e omitted because amorphous s i n g l e phase h a s been formed i n Co-Ti /2/, (Fe, Co, Ni)-Zr /3,4/ and (Fe, Co, Ni)-Hf /5,6/ b i n a r y systems and t h e a d d i t i o n of B i s n o t always necessary f o r t h e f o r m a t i o n of amorphous phase. As s e e n i n t h e f i gu r e , t h e s e amorphous a l l o y s a r e l i m i t e d t o t h e range more than about 2 at.%B and t h e a l l o y i n g ele- 
Melt-quenched e u t e c t i c (Fe, Co)-Nb and (Co, Ni) -Ta b i n a r y a l l o y s show a c r y s t a l l i n e s t r u c t u r e witho u t any t r a c e of amorphous phase. On t h e o t h e r hand, t h e a l l o y s w i t h a s 1ow'as.about 2 at.%B show a n amorphous s t r u c t u r e . From t h e s e f a c t s , i t i s concluded t h a t t h e simultaneous d i s s o l u t i o n of Nb o r
Ta and B enhances t h e amorphous-forming tendency of t h e i r a l l o y s . That i s , i t i s assumed t h a t t h e bondi n g f o r c e between m e t a l and metal a s w e l l a s m e t a l and m e t a l l o i d p l a y s a n important r o l e i n t h e format i o n of a n amorphous phase i n t h e a l l o y s i n v e s t ig a t e d i n t h e p r e s e n t work. T h i s assumption a l s o r e c e i v e s support from t h e f a c t t h a t metal-metal t y p e amorphous phase i s formed i n t h e b i n a r y a l l o y sys- 
Mechanical p r o p e r t i e s
The V i c k e r s hardness values(Hv) of (Fe, Co, Ni) 94-xMxB6(M=Ti, Zr, Hf, Nb and Ta) t e r n a r y amorphous a l l o y s a r e p l o t t e d a s a f u n c t i o n of t h e concentrat i o n of a l l o y i n g elements M i n F i g . 2 . A s seen i n t h e f i g u r e ( a ) , ( b ) and ( c ) , t h e hardness v a l u e s i n c r e a s e s i g n i f i c a n t l y w i t h i n c r e a s i n g amount of a l l o y i n g elements, i n d i c a t i n g t h a t t h e bonding f o r c e between a l l o y i n g element M and B i s much s t r o n g e r t h a n t h a t between Fe, Co o r N i and B. F u r t h e r , one can n o t i c e t h a t t h e hardness v a l u e i s h i g h e s t f o r I 4 io b i ; 1; 1; io i 2 M (at '10 ) F i g . 3 Change i n Vickers hardness(Hv) f o r Fegg-, M12Bx, and Ni88-xM12~x(M=Ti, Zr, Hf, Nb and Ta) amorphous a l l o y s w i t h B cont e n t . amorphous a l l o y s was examined a s a f u n c t i o n of a g i n g temperature f o r 3600 s and t h e d a t a a r e shown i n Table I t o g e t h e r w i t h t h e c r y s t a l l i z a t i o n temperat u r e ( T x ) , Tf/Tx and h a r d n e s s . Tx i s t h e temperature determined a s being t h e beginning p o i n t of t h e f i r s t exothermic peak on t h e DTA c u r v e s . As summarized beneath t h e t a b l e , Tf/Tx d e c r e a s e s i n t h e o r d e r of (Co, Ni)-(Nb, Ta) > Ni-(Zr, H f ) > Co-(Ti, Zr, Hf),
F i g u r e 3 shows t h e change i n t h e Vickers hardn e s s of (Fe, Co, Ni)88-xM12Bx amorphous a l l o y s w i t h t h e B c o n c e n t r a t i o n . The h a r d n e s s v a l u e i n c r e a s e s w i t h i n c r e a s i n g B c o n t e n t and t h e i n c r e a s i n g r a t e i s l a r g e s t f o r t h e Co-base a l l o y s . F u r t h e r , s i m i l a r t o t h a t f o r (
A l l t h e amorphous a l l o y s of t h e p r e s e n t systems p o s s e s s good bend d u c t i l i t y , a s i n t h e c a s e o f t y p i -
Fe-Nb > Fe-(Zr, Hf), i n c o n t r a s t t o t h e o r d e r of h a r d n e s s . That i s , t h e embrittlement tendency inc r e a s e s w i t h i n c r e a s i n g bonding f o r c e among t h e cons t i t u e n t elements i n t h e a l l o y s .
Alloy System
( at "1. ) 
FeazZrtzBs
belonging t o t h e f o u r t h p e r i o d o r t h e V I group i n t h e p e r i o d i c t a b l e . Howe v e r , t h e r e i s h a r d l y any s y s t e m a t i c i n f o r m a t i o n on such an e f f e c t f o r amorphous a l l o y s c o n t a i n i n g t h e I V and V group m e t a l s ( T i , Zr, Hf, Nb, Ta) w i t h high r e a c t i v i t y and h i g h m e l t i n g p o i n t . The p r e s e n t inv e s t i g a t i o n s p r o v i d e some i n s i g h t i n t o t h e r o l e of
t h e s e r e f r a c t o r y m e t a l s on t h e s t r e n g t h of amorphous a l l o y s .
The h a r d n e s s v a l u e s of (Fe, Co, Ni)82M12B6(M= T i , Zr, Hf, Nb and Ta) t e r n a r y amorphous a l l o y s a r e p l o t t e d a g a i n s t t h e group number of a l l o y i n g e l ements M i n Fig Bg, Cog2Ml2Bg and Ni82M12Bg(M=Ti, Z r , H f , Nb and Ta) amorphous a l l o y s w i t h group nwnb e r i n t h e p e r i o d i c t a b l e . The v a l u e marked w i t h a s t e r i s k i s a n e x t r a p o l a t e d one from t h e d a t a of Co71-77Ti17-23Bg amorphous a l l o y s .
a l l o y s , i n d i c a t i n g t h e tendency t h a t t h e h a r d n e s s o f
t h e amorphous a l l o y s i n c r e a s e s w i t h i n c r e a s i n g d i ff e r e n c e o f t h e group number a n d / o r t h e p e r i o d i c numb e r between t h e b a s e metal(Fe, Co o r Ni) and t h e a ll o y i n g element. We t r i e d t o e x p l a i n t h e r e a s o n f o r such a tendency by v a r i o u s f a c t o r s such a s a v e r a g e o u t e r e l e c t r o n c o n c e n t r a t i o n , atomic s i z e , e l e c t r on e g a t i v i t y and t h e h a r d n e s s and m e l t i n g p o i n t of i n t e r m e t a l l i c compounds i n (Fe, Co, Ni)-M b i n a r y a ll o y s which have been c o n s i d e r e d t o be i m p o r t a n t f o r understanding t h e e f f e c t of a l l o y i n g elements 17-111. A s a r e s u l t , we have found f o r (Fe, Co, Ni)g2
M12B6 t e r n a r y amorphous a l l o y s t h a t t h e r e e x i s t s an apparent l i n e a r r e l z t i o n s h i p between t h e h a r d n e s s and one can n o t i c e t h a t t h e l a r g e r t h e d i f f e r e n c e i n e l e c t r o n e g a t i v i t y , t h e h i g h e r i s t h e hardness. Such an a p p a r e n t l i n e a r r e l a t i o n s h i p was not e s t a b l i s h e d between t h e h a r d n e s s v a l u e s and t h e o t h e r f a c t o r s .
Judging from t h e f a c t t h a t t h e h a r d n e s s v a l u e s a r e s i g n i f i c a n t l y i n f l u e n c e d by t h e d i f f e r e n c e of t h e e l e c t r o n e g a t i v i t y among t h e c o n s t i t u e n t elements, i t is concluded t h a t a s t r o n g chemical bonding between
t h e base m e t a l ( F e , Co, Ni) and M(Ti, Zr, Hf, Nb, Ta) o r B and M p l a y s a n i m p o r t a n t r o l e i n t h e h a r d n e s s of t h e amorphous a l l o y s found i n t h e p r e s e n t work.
